Bacteria from the Burkholderia cepacia complex (Bcc) cause highly contagious pneumonia among cystic fibrosis (CF) patients. Among them, Burkholderia cenocepacia is one of the most dangerous in the Bcc and is the most frequent cause of morbidity and mortality in CF patients. Indeed, it is responsible of "cepacia syndrome", a deadly exacerbation of infection, that is the main cause of poor outcomes in lung transplantation. Burkholderia cenocepacia produces several soluble lectins with specificity for fucosylated and mannosylated glycoconjugates. These lectins are present on the bacterial cell surface and it has been proposed that they bind to lipopolysaccharide epitopes. In this work, we report on the interaction of one B. cenocepacia lectin, BC2L-A, with heptose and other manno configured sugar residues. Saturation transfer difference NMR spectroscopy studies of BC2L-A with different mono-and disaccharides demonstrated the requirement of manno configuration with the hydroxyl or glycol group at C6 for the binding process. The crystal structure of BC2L-A complexed with the methyl-heptoside confirmed the location of the carbohydrate ring in the binding site and elucidated the orientation of the glycol tail, in agreement with NMR data. Titration calorimetry performed on monosaccharides, heptose disaccharides and bacterial heptose-containing oligosaccharides and polysaccharides confirmed that bacterial cell wall contains carbohydrate epitopes that can bind to Introduction Burkholderia cenocepacia and Pseudomonas aeruginosa are both pathogenic bacteria involved in chronic lung infections, especially in cystic fibrosis patients (Govan and Deretic 1996) . In order to adhere to host tissues, as a part of their invasion strategy, these pathogens use oligosaccharide-mediated recognition processes. These two bacteria species present carbohydrate-binding proteins on the flagellum and fimbriae as well as soluble lectins conjugated to the bacterial cell surface or located in the extracellular matrix Imberty and Varrot 2008) . Pseudomonas aeruginosa contains two soluble lectins, PA-IL and PA-IIL, with specificities for galactosides and fucosides, respectively (Gilboa-Garber 1982) . These lectins are virulence factors as established in a murine model of lung infection (Chemani et al. 2009 ). In B. cenocepacia, three soluble lectins have been identified, BC2L-A, BC2L-B and BC2L-C, all containing a PA-IIL-like domain, while in two of them there is an additional N-terminal domain without any similarities with known proteins (Lameignere et al. 2008; Šulák et al. 2010 . The smallest B. cenocepacia lectin is BC2L-A that displays mannose specificity (Lameignere et al. 2008) . Each monomer of 13.8 kDa contains one carbohydrate recognition domain which includes two Ca 2+ ions directly involved in ligand binding. Crystal structures obtained in the presence of α-methyl-mannoside (αMeMan; Lameignere et al. 2008 ) and branched trimannoside (Lameignere et al. 2010 ) demonstrated that the strong affinity (K d = 2.7 μM for αMeMan) is related to the coordination of three mannose hydroxyl groups, namely O-2, O-3 and O-4, by the two calcium ions in the binding site. Such involvement of a pair of calcium ions in carbohydrate binding has only been observed for the related lectin PA-IIL from P. aeruginosa (Mitchell et al. 2002) , CV-IIL from Chromobacterium violaceum (Pokorná et al. 2006 ) and RS-IIL from Ralstonia solanacearum (Sudakevitz et al. 2004) . These three lectins assembled as tetramers, while the Burkholderia lectins BC2L-A and the lectin C-terminal domain of BC2L-C are dimeric (Lameignere et al. 2008; Šulák et al. 2011) .
Attempts to determine the localization of Burkholderia lectins concluded that the three lectins are secreted or released into the extracellular medium (Šulák et al. 2011) . BC2L-B and -C lectins are specifically released from the intact cells upon mannose treatment, suggesting that an important portion is attached to the external envelope of bacteria. BC2L-A was not detected on the surface, but this may be due to its much lower expression level in B. cenocepacia (Lameignere et al. 2008) . It was further demonstrated that BC2L-C binds efficiently to L-glycero-D-manno-heptose (L,D-Hep; Šulák et al. 2011) an abundant component of the B. cenocepacia lipopolysaccharide (LPS; De Soyza et al. 2008) . Heptoses are very important residues basically present as components of the core region of LPS from Gram-negative bacteria, covalently linked to the Kdo-lipid A portion (Silipo and Molinaro 2010) . In the case of enterobacterial LPS, a heptose trisaccharide fragment:
) is always present in the inner core region of LPS (Holst 2007) . In Burkholderia, heptose is ubiquitous and found in different glycosidic linkages and in higher amount than in Enterobacteriaceae (De Soyza et al. 2008 ). In addition to or instead of L,D-Hep, some LPS may contain D-glycero-Dmanno-heptose (D,D-Hep) which is the biosynthetic precursor of L,D-Hep. In a limited number of cases, heptoses have also been detected as components of repeating units of O-antigens, such as in Yokenella regensburgei (Kosma 2008) , whereas in a strain of Agrobacterium tumefaciens, L,D-Hep is the only LPS O-antigen carbohydrate component (De Castro et al. 2004) .
Interaction between plant lectins and LPS has been proposed to play a role in the establishment of symbiosis between legume plants and nitrogen-fixing bacteria (Jayaraman and Das 1998; Agrawal et al. 2011) . The interaction between human lectins of the innate immune system, such as surfactant protein D (SP-D) and mannan-binding protein, and pathogenic bacteria is mediated by heptose (Kawasaki et al. 1989; Wang et al. 2008) . In P. aeruginosa and B. cenocepacia, bacterial lectins interact with LPS heptose on the cell surface and participate in host tissue binding and/or colony aggregation (Šulák et al. 2011) . Despite of these important roles, the number of investigations on lectin-heptose interaction is very small. Heptose has been demonstrated to bind efficiently to Concanavalin A, a classical mannose-specific lectin (Jaipuri et al. 2008) , and the crystal structure of SP-D has been solved in complex with heptoses of both L-glycero-and D-glycero-D-manno-configuration via the side chain or ring hydroxyl groups, respectively (Wang et al. 2008) .
In this work, we report the interaction of BC2L-A with heptose and other manno configured sugar residues by a combination of structural and thermodynamic approaches. Saturation transfer difference (STD) NMR spectroscopy studies of BC2L-A with different mono-and disaccharides containing residues with manno configuration were performed in order to shed light on its recognition properties. A crystal structure of BC2L-A complexed with the methyl-heptoside confirms the orientation of the manno-configured ring in the binding site and the coordination to calcium ions. Titration
] n polysaccharide are high affinity ligands and that BC2L-A binds to LPS derived from different Burkholderia. Microscopy study confirmed the binding of fluorescent lectin on bacterial surface and in biofilms. We demonstrate here for the first time that a soluble lectin from B. cenocepacia displays affinity for heptose and heptose-containing oligo-and polysaccharides and can therefore attach to the outer membrane of Burkholderia cells.
Results and discussion
Epitope mapping of monosaccharides bound to BC2L-A The analysis of the binding of carbohydrate ligands to BC2L-A was performed by one-dimensional STD NMR experiments (Mayer and Meyer 2001) , in which the receptor protein is selectively saturated. At long irradiation times, the saturation is transferred to the bound ligand, first to the protons belonging to the ligand epitope, giving rise to signal enhancements stronger for the protons in closest proximity with the protein (Meyer and Peters 2003) . STD NMR data obtained from D-mannose (Figure 1 , see also Supplementary data, Table S1 ) and the corresponding α-methyl glycoside (data not shown) show that all protons of the monosaccharide exhibit some degree of enhancement, demonstrating the binding of the mannose to the protein. Indeed, the monosaccharide occupy all the binding pocket of the protein and therefore all carbohydrate ring hydrogens are close to receptor atoms and give rise to STD signals. The most prominent STD signals were observed for H-2, H-3 and H-4 protons, all strongly involved in the binding, while the anomeric protons were slightly visible. These data are in agreement with the crystal structures of BC2L-A complexed with αMeMan (Lameignere et al. 2008 ). The mannose binding pocket is rather deep, and all ring hydrogens are close to protein atoms. Hydrogens at C-5 and C-6 are close to His112 but this residue displays conformational flexibility, which may explain why the saturation transferred to this proton is not as efficient as for the other ones.
In order to investigate the effect of different groups at C-5, STD NMR experiments were conducted on methyl glycoside of α-L,D-Hep (αMeHep) 2 that presents a glycol group at C-5 (Scheme 1) and O-methyl rhamnosides with a methyl group at C-5. Table S2 ). By comparing the STD spectrum with its corresponding reference experiment, it could be clearly inferred that the monosaccharide was able to bind to BC2L-A, as shown by the enhancement of several signals. In fact, the epitope mapping revealed that, beside the expected interacting H-2, H-3 and H-4 proton signals, the region comprising H-5/ H-7 was close to the receptor and contributed to the overall binding. Further STD NMR experiments were carried out to investigate the direct binding of 6-deoxysugars to BC2L-A, confirming that the terminal ring protons represented a structural requirement for binding to the lectin. In fact, the STD spectrum obtained with methyl-α-D-rhamnoside did not display signals (Supplementary data, Figure S1 and Table S3 ), indicating that the interaction is much weaker when no hydroxyl groups are present on position 6. No STD signals were observed for the interaction of BC2L-A with L-rhamnose (Supplementary data, Figure S2 and Table S3 ) that exists in the 1 C 4 chair in solution.
Epitope mapping of disaccharides bound to BC2L-A We have also analyzed the interaction between the protein and disaccharides containing L-glycero-D-manno heptoses. In Figure 3 and Supplementary data, Figure (Figure 3 ), due to a significant spectral overlap, a quantitative analysis of the STD signal intensities was difficult, whereas twodimensional STD NMR experiments were impaired by physical characteristic of protein, such as its low molecular weight.
Nevertheless, from a qualitative analysis of the spectrum, performed comparing the STD NMR spectrum with its corresponding reference, it was evident that H-5, H-4 and H-3 protons, belonging to ring A and almost overlapping, were those receiving highest transfer of magnetization and are thus strongly involved in the interaction. Results obtained from a quantitative analysis performed on the α-L,D-Hep-(1-7)-α-L,D-Hep 5 indicated that the largest fraction of saturation in the disaccharide moiety was received by protons H-6 and H-7 (Supplementary data, Figure S3 ). In both disaccharides, it can therefore be concluded that the non-reducing unit is the one that plays the stronger role in the binding event.
Crystal structure of BC2L-A complexed with αMeHep 2 Crystals of BC2L-A complexed with αMeHep have been obtained by co-crystallization with space group C222 1 . The structure solved at 2.7 Å resolution demonstrates the presence of two and a half dimers per asymmetric unit. The overall crystal structure and the dimer arrangements ( Figure 4A ) are very similar to the previously described complex between BC2L-A and αMeMan (Lameignere et al. 2008 ) and will not be described further.
The N-term region is poorly resolved into the electron density and has been omitted from the final model. Clear electron density for one molecule of αMeHep and two calcium ions is observed in each binding site ( Figure 4B ). As observed in other crystal structures of PA-IIL-related lectins, three hydroxyl groups of the sugar ring are engaged in coordination contact with the two calcium ions with O … Ca distances varying from 2.35 to 2.65 Å. A dense network of hydrogen bonds involves the O2, O3, O4 and O6 hydroxyl groups of heptose and amino acids Asn28, Glu31, Asp110, Asp113, Asp115, Asp118 as well as terminal carboxylate of Gly128 of neighboring monomer. The ring heptose oxygen O5 receives one hydrogen bond from Ala30 main chain nitrogen.
The glycol side chain of heptose establishes two hydrogen bonds involving hydroxyl group O6 with side chain of Asp110 and main chain nitrogen of Glu31. This hydrogen bond network is similar to what has been observed in BC2L-A/αMeMan complexes and corresponds to a conformation of the ω1 torsion angles (O5-C5-C6-O6) close to −40°, corresponding to energetically favored gauche-gauche (gg) conformation according to Marchessault and Pérez (1979) . The hydroxyl group O7 of the glycol chain does not establish hydrogen bonds and can adopt a variety of conformations for ω2 (O6-C6-C7-O7) ranging from −78°to 102°( Supplementary data, Table S6 ). However, in most monomers, the C7 carbon is close to His112 and this part of the glycol can participate in stabilization. This His112 is observed in two conformations in monomers A, C and D that could be described as "closed" with His ring close to both C6 and O1 Interaction of bacterial lectin with heptoses heptose atoms, and "open" with His ring close only to the glycol group ( Figure 4B and C). In monomers B and E, the "closed" conformation is the only one observed.
Affinity measurements and thermodynamics by titration microcalorimetry L,D-Heptose and derivatives were tested by titration microcalorimetry in order to determine the affinity for BC2L-A (Table I) . In all cases, the interaction results in exothermic peaks as displayed on the examples in Figure 5 . All curves could be fitted with a one-site model, although the binding of the reducing monosaccharide L,D-heptose shows some cooperativity between the two monomers, as previously described for mannose binding (Lameignere et al. 2008) . The reducing monosaccharide displays medium range affinity (K d = 137 μM), while the introduction of a methyl group in α-configuration enhances the affinity (K d = 53.8 μM). The configuration of the glycol tail is crucial, since the D, D-heptose monosaccharide is not recognized by BC2L-A. 
Interaction of bacterial lectin with heptoses
The α1-3-and α1-7-linked disaccharides behave approximately as the αMeHep 2 monosaccharides, with a slightly higher affinity of BC2L-A for the α1-7 Hep disaccharide. The α-methyl derivative of this disaccharide (6) is the best ligand of this series with a K d of 18 μM. The observed affinity for heptose residues is 1 order of magnitude weaker to what was observed for the binding of BC2L-A to αMeMan (Lameignere et al. 2008) .
Analysis of the thermodynamic contribution to the free energy of binding demonstrates a favorable role of the entropy term, with negative values of −TΔS. The binding is equally driven by enthalpy and entropy term for the heptose monosaccharides and derivatives and is clearly entropy driven for the disaccharides. Such favorable entropy of binding is unusual for protein-carbohydrate interactions where a strong entropy barrier is generally observed (Dam and Brewer 2002 ). This appears to be a signature of this two-calcium family of lectins, since favorable entropy of binding has been observed for all of the members, with a particularly strong contribution for CV-IIL (Pokorná et al. 2006 ).
BC2L-A was also tested for its ability to bind to major oligosaccharide fragments from Burkholderia LPS (Table II) . Direct binding to whole LPS could not be observed by microcalorimetry, presumably because of solubility issue and/or accessibility of the heptose residues. When working with delipidated LPS, such as core oligosaccharides from B. multivorans and B. cenocepacia, a good affinity is observed with heptose-carrying oligosaccharides with K d in the range of 300 μM. Interestingly, BC2L-A can also interact with polysaccharides from other bacterial species. The linear polysaccharide from Agrobacterium radiobacter is a homopolymer of α1-3-linked L,D-heptose residues. The stoichiometry of binding indicates that BC2L-A binds to only one residue in the whole polysaccharide, presumably the one at the nonreducing end, since free O-3 is required for the coordination of calcium ions in the lectin-binding site. A strong affinity is observed (K d = 3 μM) with an enthalpy of binding significantly higher than for the mono-or disaccharides, suggesting a structured conformation of the polysaccharides creating additional contacts with the protein.
Binding of BC2L-A to surfaces of B. cenocepacia BC2L-A labeled with fluorescein 5-isothiocyanate (FITC) was used in order to determine its ability to bind to surfaces of B. cenocepacia LMG 16656 (J2315). Cells and biofilms were incubated with BC2L-A-FITC and examined using fluorescence microscope. A visible fluorescence at the cell surfaces was observed ( Figure 6A ). Escherichia coli strain BL21(DE3) was used as negative control and BC2L-A-FITC was not able Table II . Microcalorimetry data for the interaction of Bc2lA with oligosaccharides and polysaccharides Only one experimental measure. to bind to and stain these cells. Observed fluorescence was minimal (Supplementary data, Figure S4b ). When mixed together, B. cenocepacia cells were clearly distinguished from E. coli by BC2L-A-FITC staining (Supplementary data, Figure S4c ). Experiments were performed also with B. cenocepacia biofilm scraped from cultivation flasks ( Figure 6B ) and with undisturbed biofilm growing directly on a microscope slide. Both B. cenocepacia biofilms also provided clear fluorescent signal and distribution of fluorescence within biofilms was uniform.
Conclusion
In this study, a sequence of advanced techniques such as NMR spectroscopy, X-ray crystallography and titration microcalorimetry has disclosed the binding and epitope patterns of LPS heptose and other manno-configured sugar residues to the lectin BC2L-A, produced by the opportunistic pathogen B. cenocepacia. Both X-ray crystallography and titration calorimetry showed a good affinity of heptose(s) residues for the lectin, in particular of the non-reducing end residue, which arranges the angles (O5-C5-C6-O6) to the energetically favored gg conformation. By titration microcalorimetry, it was also possible to observe binding of the lectin to major oligosaccharides such as those deriving from R-LPS from two Burkholderia strains and to an another bacterial polysaccharide fully composed of heptose residues. In accordance, STD NMR spectroscopy studies of BC2L-A with different monoand disaccharides indicated that L-glycero-α-D-mannoheptosides and D-mannose were both in contact with the protein binding pocket. No STD signals were observed for the 6-deoxy-sugars L-and D-rhamnose, highlighting the inability of the protein to recognize and bind substrates lacking hydroxyl groups on position 6, independently on the chair conformation ( 1 C 4 or 4 C 1 ). These data were confirmed by STD NMR experiments on α-(1-3) and α-(1-7) heptose disaccharides, both present in the LPS of Burkholderia, in which the binding of the terminal heptose was more effective, testifying a major role in the interaction with the protein.
LPSs are the major components of the outer membrane of Gram-negative bacteria and exert a variety of biological activities in animals and plants. Their biosynthesis is indispensable for growth and survival of Gram-negative bacteria and they comprise 10-15% of the total molecules in bacterial outer membranes covering 75% of bacterial surface area, thus they are exposed to the external environment. They represent a defensive barrier which helps bacteria to resist to antimicrobial compounds and environmental stresses and are involved in many aspects of host-bacterium interactions such as recognition, adhesion and colonization. Together with other indispensable microbial products, they are taken by the host organism as hallmark of microbial presence and are hence referred to as microbe-associated molecular patterns. In this work, we have demonstrated that a lectin secreted by B. cenocepacia is able to bind particular and peculiar saccharide residues present in the majority of LPS core oligosaccharides. This recognition can be pivotal in bacterial social life such as quorum sensing, exit from dormancy, formation of microcolony and/or any other processes in which the detection of specific bacterial strain is necessary.
Material and methods

Materials
The recombinant protein BC2L-A was cloned and expressed using the procedure previously described (Lameignere et al. 2008 ) using genomic DNA from B. cenocepacia strain J2315 obtained from the Czech Collection of Microorganisms at Brno, Czech Republic, as a template. Production in E. coli BL21(DE3) and purification on D-mannose-agarose column (Sigma-Aldrich, St Louis) were reported previously (Lameignere et al. 2010) . The protein was eluted by 10 mM ethylenediaminetetraacetic acid and dialyzed first against buffer with calcium and then against distilled water in order to remove residual sugars from the binding site.
Monosaccharides 1-3 and disaccharides 4-6 were prepared according to literature (Brimacombe and Kabir 1986; Paulsen et al. 1991; Reiter et al. 1999; Artner et al. 2011) .
LPS core oligosaccharide fragments from B. multivorans and B. cenocepacia and LPS heptose O-antigen were prepared by hydrolysis of LPS with 1% AcOH, 3 h, 100°C and purified as described previously (De Castro et al. 2004; Ierano et al. 2008; Ortega et al. 2009 ).
NMR spectroscopic analysis
Experiments on the free ligands were recorded on a Bruker 600-MHz DRX equipped with a cryo probe at 283 K. Spectra were calibrated with internal [D4](trimethylsilyl)propionic acid sodium salt (10 μM). All the samples were dissolved in deuterated 0.1 M Tris-HCl buffer with 2 mM CaCl 2 ( pH 7.5).
All ligand proton resonances were assigned by using Correlation Spectroscopy (COSY), Total Correlation Spectroscopy (TOCSY), Nuclear Overhauser enhancement spectroscopy (NOESY), Rotating frame Overhauser Effect Spectroscopy (ROESY) and Heteronuclear single quantum coherence (HSQC) experiments. 1 H-NMR spectra were recorded with 32 and 64 K data points. Double quantum-filtered phasesensitive COSY spectra were performed by using data sets of 4096 × 512 (t 1 × t 2 ) points. TOCSY spectra were performed with a spin lock time of 100 ms, by using data sets of 4096 × 256 points. NOESY and ROESY spectra were measured by using data sets of 4096 × 256 points; mixing times between 100 and 400 ms were used. In all homonuclear spectra, the data matrix was zero-filled in the F1 dimension to give a matrix of 4096 × 2048 points and resolution was enhanced in both dimensions by a cosine-bell function before Fourier transformation. HSQC experiments were measured in the 1 H-detected mode via single quantum coherence with proton decoupling in the 13 C domain, by using data sets of 2048 × 256 points. Experiments were carried out in the phasesensitive mode according to the method of States et al. (1982) .
For the bound ligands, STD NMR experiments were performed using protein-ligand molar ratio varied from 1:50 to 1:100 and saturation times between 0.5 and 2.5 s were used; a T1ρ filter (50 ms spin-lock pulse) to eliminate the unwanted Interaction of bacterial lectin with heptoses broad resonance signals of the protein was used. The offresonance frequency was maintained at 40 ppm and the on-resonance frequency (−0.7, 0.5, 6 .8 ppm) falls in a region in which ligand signals are completely absent, that is necessary to avoid positive false in the STD spectrum. A train of 40 Gaussian-shaped pulses of 50 ms each (1 ms delay between pulses, field strength of 60-65 db) was employed, with a total saturation time of the protein envelope of 2 s. Saturated and reference spectra were acquired simultaneously by creating a pseudo-2D experiment. Reference experiments were carried out to assure the absence of direct irradiation of the ligand. STD spectra were performed with 16 and 32 K data points. The original FID was zero-filled to 64 k and Fourier transformation with use of an exponential window function was applied. In all cases, the STD effect was calculated by (I 0 − I sat )/I 0 , where I 0 − I sat is the intensity of the signal in the STD NMR spectrum and I 0 is the peak intensity of an unsaturated reference spectrum (off-resonance). The STD signal with the highest intensity was set to 100% and the others were normalized to this peak. Data acquisition and processing were performed with TOPSPIN software.
Crystallization and data collection
Initial crystallization conditions of BC2L-A were screened using The Classics, Classics II and Classics Lite Suites (Qiagen, Hilden, Germany) and Additive Screen HT (Hampton Research, Aliso Viejo, CA). After condition and concentration refinement, freeze-dried BC2L-A was dissolved in water (7.5 mg/mL) with the presence of 2 mM αMeHep. Single crystals were obtained using the hanging drop method by mixing 1.8 μL of protein solution with 2.2 μL of 0.2 M ammonium sulfate, 30% PEG 8000, 10 mM calcium chloride. Crystals were cryo-cooled after soaking them in 50% PEG 400 mixed with precipitant solution. Diffraction data were collected at beamline ID23-2 (ESRF) showing an orthorhombic C222 1 space group with five monomers of lectin per asymmetric unit. The x-ray structure was determined by molecular replacement using Phaser (McCoy et al. 2007 ) and the BC2L-A monomer as search model (PDB code 2VNV, with the removal of ligands and water molecules; Table III) . After the addition of 10 calcium ions, 5 αMeHep monomers, 11 sulfate ions and 112 water molecules, the structure was refined using Refmac (Murshudov et al. 1997) , alternated to manual rebuilding in Coot (Emsley and Cowtan 2004) and deposited in the PDB with the accession number 4OAC.
Titration microcalorimetry
Freeze-dried BC2L-A was dissolved in 0.1 M Tris-HCl, 500 μM CaCl 2 , pH 7.5, and equilibrated at room temperature for 1 h before ITC measurement. All experiments were performed on VP-ITC or ITC200 (GE Healthcare, Little Chalfont, United Kingdom) at 25°C. Concentration of BC2L-A varied from 0.2 to 0.5 mM, and sugars were used in concentrations 1.5-10 mM according to their binding affinity. Control experiments performed by injections of buffer in the protein solution yielded insignificant heats of dilution. Integrated heat effects were analyzed by non-linear regression using a single site-binding model (Microcal Origin 7). Fitted data yielded the association constant (K a ) and the enthalpy of binding (ΔH). Other thermodynamic parameters, i.e. changes in free energy (ΔG) and entropy (ΔS), were calculated from equation
where T is the absolute temperature and R = 8.314 J mol −1 K −1 . Usually, two to three independent titrations were performed for each ligand tested. Microscopy BC2L-A labeling. Freeze-dried lectin BC2L-A was dissolved in 50 mM borate buffer (pH = 8.5) to a final concentration of 2 mg/mL (0.5 mg in 0.25 mL of buffer). FITC (Sigma-Aldrich, St. Louis, MO) was dissolved in N,N-dimethylformamide to a concentration of 10 mg/mL and added to the lectin solution in a 20:1 molar ratio (n FITC :n lectin ). The solution was immediately stirred and incubated for 1 h in the dark at room temperature. Subsequently, the excess and hydrolyzed FITC was removed by dialysis against H 2 O (at 4°C with a daily change for 3 days), volume of the dialysis solution was 4000 times higher than the amount of protein solution (250 µL in 1 L). The lectin-FITC solution was stored at 4°C in the dark.
Cell cultures and staining. Burkholderia cenocepacia CCM 4899 (LMG 16656, J. Govan J2315, Czech Collection of Microorganisms) and E. coli BL21(DE3) were cultivated overnight in Luria-Bertani (LB) medium at 37°C with shaking. One hundred microliters of overnight culture was centrifuged and cells were washed with buffer (0.1 M TrisHCl, 500 μM CaCl 2 , pH 7.5). Cells were incubated with 20 μg/mL of BC2L-A-FITC for 30 min at 17°C in dark. Afterwards, cells were thoroughly washed, resuspended in buffer and examined by microscope. For the preparation of mixed sample, B. cenocepacia and E. coli cells were mixed in 1:1 ratio and processed together. For biofilm production, B. cenocepacia was cultivated in LB medium at 37°C with shaking for 3 days. Biofilm appeared on a glass surface of cultivation flask. Biofilm was scrubbed off and processed as mentioned above. Alternatively, biofilm was grown directly on microscope slides. Slides were submerged to high OD culture of B. cenocepacia and cells were cultivated at 37°C without shaking for 2 days. Biofilm appeared on a slide as a thin line at the level of LB. Slide was thoroughly washed; biofilm was covered by BC2L-A-FITC and incubated as mentioned previously.
Microscope analysis. About 5-20 μL of liquid samples or slide with attached biofilm was used for observation. Examination was carried out using motorized inverted fluorescence microscope IX81 (Olympus, Shinjuku, Tokyo, Japan). Blue light (470-495 nm) was used for FITC excitation and green fluorescence was observed (575-625 nm). Images were obtained by microscope digital camera DP72 (Olympus, Shinjuku, Tokyo, Japan).
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